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Abstract: During the lifelong maintenance of low-voltage electrical installations in any facility special attention must be given to fire-

causing failures, which cannot be detected by conventional protection devices (miniature circuit breakers, fuse-links, residual current 

devices, etc.). Such failures are most often caused by poor electrical contacts. International regulations and standards, which define periodic 

verification of the quality of low-voltage electrical installations, do not contain procedures by which a poor electrical contact would be 

detected at an early stage. However, one of the techniques used for this purpose today is performing preventive thermographic inspections (a 

standard covering this area is available only in the USA). By such inspections a poor electrical contact which creates prerequisites for the 

occurrence of an initial fire in a low-voltage electrical installation can easily and effectively be detected. Detected failures and irregularities 

can most frequently be eliminated by simple interventions of electricians or facility technical services. Experience from a large number of 

periodic verifications of the quality of low-voltage electrical installations in industrial and administrative facilities, conducted by personnel 

of the Laboratory for testing low-voltage electrical and lightning protection installations at the School of Electrical Engineering in Belgrade, 

showed that many dangerous failures would not be detected without performing preventive thermographic inspections. Several practical 

examples of such failures, detected in low-voltage electrical installations in industrial and administrative facilities during preventive 

thermographic inspections, are presented and analysed. The procedure of performing preventive thermographic inspections within periodic 

verifications of the quality of low-voltage electrical installations, as well as the explanation for proper interpretation of the measurement 

results based on the ΔТ and absolute temperature criteria, are also given in this paper. 
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1. Introduction 

In order to prevent fire-causing failures of low-voltage electrical 

installations in a facility it is important to conduct periodic 

verifications of their quality using procedures defined in standards 

[1, 2]. However, there are some dangerous failures, such as poor 

electrical contact and series electrical arc, which cannot be detected 

either by conventional protection devices (miniature circuit 

breakers, fuse-links, residual current devices, etc.) or by inspection 

procedures defined in standards [3, 4]. In such cases, the application 

of infrared thermography for predictive/preventive maintenance of 

thermal defects of electrical components proved to be quite useful 

and efficient [5, 6]. A thermographic inspection, conducted using 

infrared thermal imager (infrared camera), enables the identification 

of “exceptions” – parts of electrical installations where the 

temperatures of the inspected electrical components deviate 

significantly from the expected operating ones [7]. Finding such 

exceptions allows targeted maintenance or elimination of problems 

before a fire and/or breakdown in an electrical system occurs. 

Therefore, it is recommended to include thermographic inspection 

in the procedure for conducting periodic verification of the quality 

of low-voltage electrical installations [8], although it is not included 

as a mandatory part of the procedure defined in standard [2] which 

is valid in almost all countries in Europe. Procedures given in 

standards covering this area in the USA [7, 9] should be taken into 

consideration. 

2. Infrared thermography and its applications 

All objects having a temperature greater than absolute zero (i.e. 

T > 0K) radiate heat (energy) in form of electromagnetic waves, in 

general case in continuous frequency spectrum. At room 

temperature most of that energy is radiated in the infrared spectrum, 

characterised by wavelengths longer than visible light (a typical 

human eye responds to electromagnetic waves the wavelengths of 

which are from about 380 nm to 740 nm). Therefore, that radiated 

energy cannot be perceived either by the human eye or standard 

cameras. 

Although electromagnetic radiation in the infrared spectrum 

was investigated since 1800, the first infrared imaging device was 

introduced in 1947 as a night vision camera for military purposes 

[10]. Such devices evolved into infrared thermal imagers – non-

contact measurement equipment able to detect infrared radiations 

emitted from an object and, based on gathered information, give a 

thermal profile of the captured scene as an output.  

Infrared thermography is an investigation technique involving 

thermal image acquiring using an infrared thermal imager followed 

by processing and analysing the obtained thermal data [10]. Due to 

the fast advance in the features of infrared thermal imagers, which 

has come together with their progressive cost reduction, the use of 

this technique has expanded to many industrial applications [11]. 

For example, it is used in civil engineering [12], mechanical 

engineering [13], manufacture of electrical [14] and mechanical 

[15] components, as well as in the detection of failures in electrical 

systems [16, 17] and assessment of the condition of electrical 

equipment [18, 19]. 

It is emphasised in [20] that poor electrical contact, loose 

connection, corrosion, rust, accumulation of dust, short circuit and 

overloading may lead to equipment failure and that most of those 

defects will generate excessive heat near the area of fault. Such 

thermal anomalies can easily be captured by an infrared thermal 

imager and by assessing the condition of the equipment any signs of 

failure can be identified [20]. 

3. Thermographic inspections – procedures and 

evaluation criteria defined in [7, 9] 

3.1 Thermographic inspections – significance and 

procedure 

As defined in [7], the purpose of a thermographic inspection is 

to identify and document exceptions in the electrical installation of 

the end-user (person or company requesting the thermographic 

inspection). Exceptions are usually caused by loose or deteriorated 

connections, short circuits, overloads, load imbalances or faulty, 

mismatched or improperly installed components. In order to 

successfully detect them, a thermographer (a person who is trained 

and qualified to use an infrared thermal imager) must have 

sufficient knowledge about the components, construction and theory 

of electrical systems to be able to understand the observed patterns 
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of the infrared radiation captured in a thermal image (thermogram). 

The obligation of the end-user is to provide (or help the 

development of) an inventory list of the equipment to be inspected 

in a logical and efficient route through the facility. In addition, the 

end-user must provide a qualified assistant (a person authorized by 

the end-user, who is familiar with the operation and history of the 

equipment to be inspected, as well as trained in all of the safety 

practices and rules of the end-user) who will accompany the 

thermographer during the thermographic inspection. The 

obligations of the qualified assistant are to obtain authorisation 

necessary to gain access to the equipment to be inspected, notify the 

operations personnel of the inspection activities, open and/or 

remove all necessary covers immediately before inspection by the 

thermographer, close and/or replace the cabinets and enclosure 

covers immediately after inspection by the thermographer, assure 

that the equipment to be inspected is under adequate load (ideally – 

normal operating load), create satisfactory loads when necessary, 

allow sufficient time for recently-energised equipment to produce 

stable thermal patterns, measure electric loads when requested by 

the thermographer, etc. 

Thermographic inspections may be qualitative or quantitative in 

nature. Qualitative inspection implies gathering information about a 

structure, system, object or process by observing images of infrared 

radiation, and recording and presenting this information, while 

quantitative inspection implies precise measuring of temperatures of 

the observed patterns of infrared radiation. Whenever possible, 

measured temperatures of similar components under similar load 

should be compared to each other. Components exhibiting unusual 

thermal patterns or operating temperatures should be deemed as 

exceptions and documented with a thermal image and visible light 

image. If any exception is detected, its severity level should be 

evaluated, the cause of exception should be inspected and 

appropriate corrective actions should be taken as soon as possible. 

3.2 Documentation for the performed thermographic 

inspections 

The thermographer should provide appropriate documentation 

for all performed thermographic inspections. Written reports which 

will be given to the end-users should include the following 

information [7]: 

– the name and any valid certification level(s) and number(s) of 

the thermographer, 

– the name and address of the end-user, 

– the name(s) of the qualified assistant(s) accompanying the 

thermographer during the inspection, 

– the manufacturer, model and serial number of the infrared 

equipment used, 

– a list of all the equipment inspected and notations of the 

equipment not inspected on the inventory list, and 

– the date(s) of the inspection and when the report was prepared. 

When a thermographer performs a qualitative thermographic 

inspection, the written reports which will be given to the end-users 

should include the following information for each exception 

identified [7]: 

– the exact location of the exception, 

– a description of the exception such as its significant nameplate 

data, phase or circuit number, rated voltage, amperage rating 

and/or rotation speed, 

– when significant, the environmental conditions surrounding the 

exception including the air temperature, wind speed and 

direction, and the sky conditions, 

– hardcopies of a thermal image and corresponding visible-light 

image of the exception, 

– the field-of-view of the infrared imager lens, 

– notation of any windows, filters or external optics used, 

– if desired, a subjective evaluation rating provided by the 

qualified assistant and/or end-user representative, of the 

importance of the exception to the safe and continuous 

operation of the system, and 

– any other information or special conditions that may affect the 

results, repeatability or interpretation of the exception. 

When a thermographer performs a quantitative thermographic 

inspection, the written reports which will be given to the end-users 

should include the following information for each exception 

identified [7]: 

– the distance from the infrared imager to the exception, 

– whenever possible, the maximum rated load of the exception 

and its measured load at the time of the inspection, 

– the percentage load on the exception, calculated by dividing its 

measured load by the rated load, 

– the emittance, reflected temperature and transmittance values 

used to calculate the temperature of the exception, 

– when using ΔТ (temperature difference) criteria, the surface 

temperature of the exception and of a defined reference and 

their temperature difference, 

– when using absolute temperature criteria, the surface 

temperature of the exception and the standard temperature(s) 

referenced, 

– if desired, an evaluation of the temperature severity of the 

exception, and 

– if desired, a repair priority rating for the exception based on its 

subjective rating, temperature severity rating or an average of 

both. 

3.3 ΔT criteria for electrical systems  

To evaluate the severity level of a detected exception a 

thermographer may use the ΔТ criteria given in Table 1 [7, 9]. 

Evaluations by ΔТ criteria are based on the value of the measured 

temperature rise of the exception above the temperature of a defined 

reference, which is typically the ambient air temperature, a similar 

component under the same conditions or the maximum permissible 

temperature of the component. Recommended actions for each 

defined range of the measured temperature rise are also given in 

Table 1. 

Table 1: Thermographic survey suggested actions based on the temperature 

rise (ΔТ criteria) [7, 9] 

Priority 

Temperature 

difference (ΔТ) 

based on 

comparisons 

between similar 

components 

under similar 

load 

Temperature 

difference (ΔТ) 

based upon 

comparisons 

between 

component and 

ambient air 

temperatures 

Recommended 

action 

4 1ºC–3ºC 1ºC–10ºC 

Possible 
deficiency; 

warrants 
investigation 

3 4ºC–15ºC 11ºC–20ºC 

Indicates 

probable 

deficiency; repair 
as time permits 

2 - - - - - - 21ºC–40ºC 

Monitor until 

corrective 

measures can be 
accomplished 

1 >15ºC >40ºC 

Major 

discrepancy; 

repair 
immediately 

3.4 Absolute temperature criteria for electrical systems 

To evaluate the severity level of a detected exception the 

thermographer may also use the absolute temperature criteria 

defined in [7]. In that case, the thermographer uses the information 

about the defined maximum permissible temperatures for the 

inspected electrical components, which are given in various relevant 

standards. Reference [7] contains a list of relevant ANSI, IEEE and 
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NEMA standards, as well as relevant information (Tamb. – rated 

ambient temperature, Trated rise – rated permissible temperature rise 

and Tmax. – maximum permissible temperature, all in ºC (Eq. 1 

applies)) taken from those standards for the most commonly used 

electrical components. 

. .amb rated rise maxT T T   (1) 

 

As an illustration, values Tamb., Trated rise and Tmax. are given in 

Table 2 for some electrical components. 

Table 2: Values Tamb., Trated rise and Tmax for some electrical components [7] 

Electrical component Tamb. Trated rise. Tmax. 

THW (PVC), polyethylene, 
XHHW or RH-RW 

conductor insulation 

30ºC 45ºC 75ºC 

Silicone rubber conductor 

insulation 
30ºC 95ºC 125ºC 

Connectors and terminations 
(copper, copper alloy or 

aluminum) 

40ºC 50ºC 90ºC 

Disconnects and switches 40ºC 30ºC 70ºC 

Miniature circuit breakers 40ºC 30ºC 70ºC 

Fuses with fuse links 40ºC 30ºC 70ºC 

Coils and relays (Class 90) 40ºC 50ºC 90ºC 

The thermographer measures temperatures across a given 

surface and compares measured temperature values of electrical 

components to the temperature values given in Table 2 (as well as 

to other relevant temperature values given in [7] and other relevant 

standards) and after detecting an exception evaluates the severity of 

its level and recommends corrective action. When the detected 

exception is composed of several adjacent components, the 

evaluation should be based on the Tamb., Trated rise and Tmax. values of 

the component for which those values are the lowest. In addition, 

when several different Tamb., Trated rise and Tmax. values for similar 

equipment are given in the relevant standards, the lowest 

temperatures (most conservative) should be used for the evaluation. 

In cases when the thermographer is unable to determine the class of 

insulation or equipment being inspected, the lowest Tamb., Trated rise 

and Tmax. values (most conservative) within the component group 

should be used for the evaluation. 

Unless noted otherwise, Trated rise and Tmax. values are valid for 

equipment operating at the stated Tamb. and at 100% of their rated 

load (Irated, in A). In many cases when the thermographer performs 

infrared inspections the ambient temperatures are lower than the 

stated Tamb and equipment operates at less than 100% Irated, which is 

why the electrical component that possesses a potential problem 

that may cause its overheating does not reach the actual operating 

temperature (which would be reached at the stated Tamb. and at 

100% Irated) during thermographic inspection. In such cases, the 

comparison of the measured temperature values of electrical 

components to the stated Tmax. values can mislead the 

thermographer to a conclusion that a potential problem does not 

exist and that corrective actions are not required. Therefore, in such 

cases it is necessary to compare the measured temperature values of 

electrical components to the corrected maximum permissible 

temperature (Tmax. corr.) in order to detect an exception, evaluate the 

severity of its level and recommend appropriate corrective action. 

Value Tmax. corr. for the measured reduced operating load (Imeas., in A) 

of the inspected electrical component and measured actual ambient 

temperature (Tamb. meas., in °C, lower than stated Tamb.) can be 

calculated using Eq. 2 [7]:  

2

.
. . . .

meas
max corr rated rise amb meas

rated

I
T T T

I

      
  

 (2) 

4. Results and discussion 

Experience from a large number of periodic verifications of the 

quality of low-voltage electrical installations in industrial and 

administrative facilities, conducted by the personnel of the 

Laboratory for testing low-voltage electrical and lightning 

protection installations at the School of Electrical Engineering in 

Belgrade, showed that many dangerous failures would not be 

detected without performing preventive thermographic inspections 

[21]. Five practical examples of such failures, detected in low-

voltage electrical installations in industrial and administrative 

facilities during preventive thermographic inspections, are 

presented and analysed. In each of them the measured temperatures 

of the electrical components showed that according to ΔТ criteria 

given in Table 1 priority for corrective action was the highest (1), 

major discrepancy was ascertained and immediate repair was 

recommended because in each of them the temperature difference 

between similar components under similar load was far above 15°C 

and the temperature difference between the component and ambient 

air temperatures was far above 40°C. In addition, in each of the 

presented examples the measured temperatures of electrical 

components were far above Tmax. values defined for those 

components by the absolute temperature criteria. In some cases, 

danger can be eliminated by tightening the screws on the terminals 

of electrical components. However, in all of the presented cases 

poor electrical contact could not be eliminated this way, so the old 

components with permanently damaged contacts had to be replaced 

with new ones. 

4.1 Practical example No. 1  

This practical example represents the result of a thermographic 

inspection of a main switch of a switchboard feeding three 

floodlights, each with the rated power of 1200 W (Fig. 1).  

  

Fig. 1 Thermal image (left) and corresponding visible-light image (right) of 

the detected exception (hot spot on one of the active phase 
terminals). [21, 22] 

The detected exception (hot spot on one of the active phase 

terminals) can clearly be seen (the maximum temperature measured 

during thermographic inspection was 107°C). According to the 

measured temperature of the terminal, using ΔТ criteria given in 

Table 1, it was concluded that the priority for corrective action was 

the highest (1), major discrepancy was ascertained and immediate 

repair was recommended, because temperatures of adjacent 

terminals did not reach more than 30°C (the temperature difference 

between similar components under similar load was more than 77°C 

– far above 15°C) and ambient air temperature did not reach more 

than 25°C (the temperature difference between the component and 

ambient air temperature was more than 82°C – far above 40°C). A 

similar conclusion was obtained using the absolute temperature 

criteria because the maximum temperature of the terminal measured 

during the thermographic inspection was 107°C, which was 

significantly above Tmax. value defined for connectors and 

terminations in Table 2 (90°C) and far above Tmax. value defined for 
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PVC conductor insulation in Table 2 (75°C). However, in standard 

[23] it is stated that the maximum allowed the temperature for PVC 

insulation is 70°C, and therefore, following the rules that when the 

detected exception is composed of several adjacent components, 

evaluation should be based on the Tmax. values of the component for 

which those values are lowest and when several different Tmax. 

values for similar equipment are given in the relevant standards, the 

lowest temperatures (most conservative) should be used for the 

evaluation, in this case Tmax. = 70°C is used, which is far below 

measured 107°C. By functional check of the condition of the 

terminal, it was found that it was mechanically damaged, so it had 

to be replaced with the new one. 

4.2 Practical example No. 2 

During a thermographic inspection of the switchboard from 

which the ovens were fed in a bakery, overheating of the contacts 

on the main switch was detected (Fig. 2). The maximum 

temperature measured during the inspection was 114°C. The 

interpretation of the measurement results based on the ΔТ and 

absolute temperature criteria is the same as the one given for the 

practical example No. 1. 

  

Fig. 2 Thermal image (left) and corresponding visible-light image (right) of 
the detected exception (overheating of the contacts on the main 

switch). [21, 22] 

4.3 Practical example No. 3 

This example was observed during a thermographic inspection 

of a ventilation cabinet in a heating substation. The contact 

temperature of one of the contactors in the cabinet was found to 

reach 107°C (Fig. 3). It was established that the contactors were 

very old and worn out. As the situation did not significantly change 

after the contacts were tightened, the replacement of the worn-out 

contactor with a suitable new one was recommended.  

  

Fig. 3 Thermal image (left) and corresponding visible-light image (right) of 

the detected exception (poor contacts of worn contactors). [21, 22] 

4.4 Practical example No. 4 

A dangerous hot spot of temperature over 100°C was detected 

inside a distribution cabinet containing a poor electrical contact on 

the phase conductor terminal block (Fig. 4). The thermally damaged 

terminal block was immediately replaced. 

  

Fig. 4 Thermal image (left) and corresponding visible-light image (right) of 
the detected exception (hot spot on the phase conductor terminal 

block). [21] 

4.5 Practical example No. 5 

This is an example where a defective lamp was detected. The 

thermographic inspection showed that the lamp electromagnetic 

ballasts had temperatures exceeding 106°C (see Fig. 5). According 

to the information given in Table 2, Tmax. value for class 90 coils is 

90°C. Also, according to [24] the maximum ballast case operating 

temperature specified by standards is 90°C. 

  

Fig. 5 Thermal image (left) and corresponding visible-light image (right) of 

the detected exception (overheated electromagnetic ballasts). [21] 

5. Conclusion 

Experience from a large number of periodic verifications of the 

quality of low-voltage electrical installations in industrial and 

administrative facilities, conducted by the personnel of the 

Laboratory for testing low-voltage electrical and lightning 

protection installations at the School of Electrical Engineering in 

Belgrade, showed that many dangerous failures would not be 

detected without performing preventive thermographic inspections. 

In order to successfully detect them, a thermographer must have 

sufficient knowledge about the components, construction and theory 

of electrical systems to be able to understand the observed patterns 

captured in a thermal image. Finding such failures allows targeted 

maintenance or elimination of problems before a fire and/or 

breakdown in an electrical system occurs. Therefore, it is 

recommended to include thermographic inspection in the procedure 

for conducting periodic verification of the quality of low-voltage 

electrical installations, although it is not included in standards valid 

in countries in Europe. The procedure of performing thermographic 

inspections, as well as the explanation for proper interpretation of 

measurement results based on the ΔТ and absolute temperature 

criteria, defined in standards covering this area in the USA, are also 

given in this paper.  
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